The purpose of this research is to identify the elastic modulus of ground rock using an optimal control theory, which is the first order adjoint method. Elastic modulus is one of parameter to express geological condition. In order to perform safety constructions and reduce costs, it is important to know elastic modulus in advance. To identify the elastic modulus, the velocity of elastic waves are observed. The velocity of elastic waves are caused by the blasts with dynamite. The Optimal elastic modulus is identified using the first adjoint method so as to minimize the performance function, which is defined by the square sum of residual discrepancies of between the calculated and observed velocities. To calculate the state quantity in the ground, following basic equations are used in this research. As the basic equation, the equilibrium of stress equation, the strain-displacement equation and the stress-strain equation are used. The first order adjoint equation is used to calculate the gradient of the performance function. The weighted gradient method is applied to minimization technique. To solve the basic and adjoint equation, the finite element method and the Newmark β method are applied for the spatial and temporal discretizations, respectively. As the external force, borehole pressure is employed. The elastic modulus can be identified using these methods. For application to actual phenomenon, Ohyorogi-tunnel excavation site is adopted. It is located in Hiroshima prefecture, Japan.
Introduction
Our country is island and has a characteristic that geological structure is complicated. Also the percentage of mountain region is 70 % in our country. So, ground is extensively excavated at the case of civil engineering works. In some cases, deformations of ground are wreaked by influence of excavation. Not only excavation also fill and earthquake are reasons to lead deformations of ground. A deformation of ground arises influence on existing civil engineering structures in some situations. Therefore, it is necessary to investigate the ground properties in advance at the cases of rational projects and constructions in civil engineering work such as tunnels, roads and airports, etc. Previously, ground properties are investigated by geological measurements of boring surveys, elastic wave exploration and so on. However, conventional investigation methods need a lot of time and cost for investigation of ground properties. Moreover, it is difficult to investigate the ground properties perfectly. If investigation of the ground properties was conducted, that can avoid unnecessary delay in construction , increment of costs and human suffering. Consequently, it is efficient to use numerical analysis because a large scale and accuracy numerical analysis are enabled by improvement of computer performance in recent years. Also, numerical analysis has advantage of cut in investigative hours and safety than conventional investigation methods. It is very important to clarify geological parameters of each stratum to search ground properties. For instance, geological parameters are elastic moduli, Poisson ratio, density and so on. The elastic modulus is property to express deformation of ground. Therefore, the main purpose of this research is to identify elastic modulus. The identification that forecasts the elastic modulus of the geological condition by the three dimensional numerical analysis technique is developed. Elastic modulus can be identified from observed data by using inverse analytical technique based on an optimal control theory. In inverse analytical technique, the key question is how the elastic modulus is determined. To solve the issue, the performance function is defined. The performance function consists of the square sum of the discrepancies between the computed and observed velocities. The computed velocity is going to close the observed velocity by iterative computation. So, it is important to find the optimal parameters so as to minimize the performance function. Initial value of elastic modulus is updated by weighted gradient method in iteration calculation . The weighted gradient method is applied as the minimization technique. The observation points are set on the surface of the mountain. In this research, to verify the parameter identification method of elastic modulus, three dimensions mesh of Ohyorogi-tunnel is adopted. The Ohyorogi-tunnel is located in Hiroshima prefecture in Japan.
Basic Equation
In this paper, indicial notation and summation convention are used to describe equations. The elastic modulus is identified by following equations, which is the equilibrium of stress equation, the strain-displacement equation and the stress-strain equation.
where σ ij , b i , u i ,ü i , ρ and ε kl are total stress, body force, displacement, acceleration, density and strain, respectively. Also D ijkl is called elastic coefficient matrix and is expressed as follow;
where δ ij is Kronecker's delta, λ and µ are the Lame's constant and can be expressed as follows;
where E and ν are the elastic modulus and Poisson ratio, respectively. The basic equations are solved on following boundary and initial conditions. The boundaries Γ 1 and Γ 2 are known boundary of displacement u i and surface force t i , respectively;
The initial conditions are given as follows;
3 Discretization
Finite Element Method
The finite element method is applied to basic equation as the spatial discretization. The finite element equation discretized by the linear tetrahedron elements can be obtained as follows;
Considering that effect of damping, eq.(11) can be transformed as follows;
Each matrices can be expressed as follows;
where M αiβk , C αiβk K αiβk andΓ αi are mass, damping, stiffness and load matrices, respectively. Also where N α is the linear interpolation function of finite element method.
Newmark β Method
The Newmark β method is applied to finite element equation as the temporal discretization. In the Newmark β method, the displacement and the velocity at (n + 1) time are expressed as follows;
where u
are the displacement and the velocity at time (n + 1), respectively. where ∆t is time increment. β and γ are assumed as 0.25 and 0.50, respectively. The finite element equation at time (n + 1) is expressed as follows in the present time as (n);
Substituting eqs. (17) and (18) into eq.(19), the following equations can be obtained;
where each matrices are expressed as follows;
Calculating accelerationü (n+1) βk using eq.(20) and substituting these into eqs. (17) and (18), displacement u
can be obtained;
Performance Function
The purpose of this research is to identify the elastic modulus. The key question here is how to finish the calculation. Therefore, the performance function is introduced to solve inverse analysis. It consists of the square sum of the discrepancies between the computed and observed velocities. A parameter identification method is used to define optimal parameters so as to minimize the performance function. It is expressed as follows;
whereu αi andu * αi are the computed and observed velocities, respectively and t 0 and t f mean the initial and the final times, respectively.
First Order Adjoint Equation
The first order adjoint equation method is utilized in order to identify the elastic modulus. The extended performance function is introduced, which is expressed as follows;
where λ αi is the Lagrange multipliers. In the inverse analysis, it is necessary to calculate the gradient of the performance function to update an unknown variables. Using the gradient, the objective coordinate values of the elastic modulus is updated in iterative calculation. The first variation of the extended performance function δJ * is expressed as follows;
Integrating by parts, first variation of extended performance function is transformed into the following form;
The stationary condition is expressed as follows;
Considering that each term of eq.(27), the first order adjoint equation and terminal conditions of the adjoint variables can be derived. The adjoint equation is expressed as follows;
The terminal conditions for the adjoint equation are obtained as follows;
The terminal condition of the acceleration of the Lagrange multiplierλ αi (t f ) is calculated using λ αi (t f ) anḋ λ αi (t f ) as follows;λ
The gradient of the expanded performance function with respect to the elastic modulus E, can be derived as;
Eq.(34) means;
The gradient of the expanded performance function grad(J * ) βk with respect to the elastic modulus E can be obtained as in eq.(35).
Weighted Gradient Method
The weighted gradient method is applied as the minimization technique. The modified performance function is expressed as follows;
where E β is identified parameter. The optimal condition of the modified performance function is as follows;
In addition, the update formulation of the elastic modulus at each iteration cycle is as follows;
7 Numerical Study
Ohyorogi-Tunnel Site
The construction field of Ohyorogi-tunnel is located in Hiroshima prefecture in Japan. The completion of the Ohyorogi-tunnel is expected to reduce transit time and to relax traffic jam. It is hoped to play important roles in industry, economy and culture. The length of the tunnel is planned 1938.0[m]. When the observation was conducted, excavated length is about 150.0 [m] . Figure 1 shows the ground plan in the Ohyorogi-tunnel. Figure  2 shows the current situation of Ohyorogi-tunnel at the source of tunnel mouth. In addition, Figure 3 shows the tunnel face of it. 
Case 1 -Verification
The elastic modulus can be identified from observation data by using inverse analytical technique based on an optimal control theory. But the actual observation data aren't used in case 1. In this case 1, to verify the parameter identification method of elastic modulus, three dimensions mesh of Ohyorogi-tunnel is adopted. The elastic modulus, density and Poisson ratio are declared in table 1. The computational domain is shown in Figure 4 Figure 5 Total number of nodes and elements are 7211 and 37160, respectively. The observation points are set on the surface of the mesh in Figure 6 . The analytical area has three geological strata. These stratum are referred to as layer 1, 2 and 3, respectively. The time increment used for the computation is ∆t = 1.0 × 10 −3 [sec]. The total time of computation is 0.2 [sec] . If the elastic modulus were identified, safe excavation can be performed when ground is excavated. Therefore, the elastic modulus of layer 2 is identified in this research. Initial value of elastic modulus of layer 2, target value of it and identified value of it are shown like table 2. Figure 8 shows the variation of performance function. The performance function is converged to 0. Figure 9 shows the variation of elastic modulus. The elastic modulus is converged to target value from initial value. The availability of algorithm used this research is verified by these results. 
Case 2 -Application to Ohyorogi-Tunnel
The finite element mesh, each layer, and so on are same between case 1 and case 2. In case 2, only geological properties is different in comparison with case 1. The elastic modulus, density and Poisson ratio are declared in table 3. As the decisive difference between case 1 and case 2, the observed data shown in Figures. 10-12 are employed as the observation velocity. 
Observation Data
The elastic waves caused by the blasting at the tunnel face was measured on the tunnel mouth of source side. The velocity of three components of in X, Y and Z directions are measured, which are represented in Figures  10, 11 and 12. There is observation point which is marked by blue point at the surface of the mesh in Figure  6 . These observed velocities are employed as the observation data for the computation. Figure 14 shows the variation of elastic modulus. Initial value of the elastic modulus is optimal value of it. Figures. 15-17 are comparisons between computed and observed velocities in X, Y and Z directions. Red is computed velocities and blue is observed velocities. The wave forms of velocity almost accord in the all direction. However,disagreements of velocity are arose by influence of reflection as time passes in X-direction. Also, the peak of velocities almost accord in the all direction. These result prove the effectiveness of algorithm used this research. 
Conclusion
In this paper, an identification technique to determine the elastic modulus has been presented. The elastic modulus can be identified using the finite element method and the first order adjoint method of optimal control theory. The elastic modulus is found so as to minimize the performance function. The elastic modulus is converged to the optimal value from the initial values. Also the performance function is converged to steady value. Thus, the parameter identification using the first order adjoint method is shown to be effective for the determination of elastic parameters. Contraction of investigative hours and safety construction will be possible by confirmation of the technique for the identification of elastic modulus.
